A 28-year-old Hispanic female was transferred to New York Presbyterian Hospital in December for pneumonia, unresponsive to antibiotics. She had been in her usual state of health until the preceding summer, when she developed progressive shortness of breath and a cough. Her cough was initially nonproductive, but she eventually developed blood-tinged green sputum, pleuritic chest pain, and persistent fevers and chills.
The patient was admitted to an outside hospital in the fall, but left against medical advice and was readmitted 2 months later. An admission arterial blood gas demonstrated a pH of 7.50, Pa CO2 of 43 mm Hg and Pa O2 of 68 mm Hg on 28% inspired oxygen. A chest film revealed bilateral lower lobe infiltrates and effusions, and a chest computed tomography (CT) scan showed diffuse bilateral airspace disease. Over the course of her admission, the patient was treated with multiple antibiotics including vancomycin, levofloxacin, meropenem, imipenem, linezolid, and amikacin, without significant response. She was ultimately transferred to our institution for further diagnostic workup and treatment.
Review of systems upon transfer was notable for a 20-lb weight loss over 2 months, intermittent nausea and vomiting, and mild frontal headaches. She also described bilateral eye pain and redness occurring over the summer, which had resolved spontaneously. The patient had no history of alopecia, rash, oral ulcers, photosensitivity, myalgias, parasthesias, focal weakness, or Raynaud's symptoms. She had occasional arthralgias, but no morning stiffness.
Her medical history was remarkable for morbid obesity, chronic anemia with sickle cell and thalassemia traits, cholelithiasis, and recurrent upper respiratory infections occurring two to three times per year. She had undergone three previous Caesarian sections and had no history of spontaneous pregnancy loss. The patient was single with two living children and studying to be a medical assistant. She had no history of alcohol, tobacco, or illicit drug use, no pets, and no sick contacts. Her last travel was to Puerto Rico at age 11. A tuberculosis purified protein derivative (PPD) skin test yielded negative results 5 years prior to admission, and a test for human immunodeficiency virus (HIV) was also negative.
Her family history was remarkable for parents with diabetes and hypertension, a father with alcohol abuse, and a sister with latent tuberculosis, who reportedly completed treatment with isoniazid. She had no known family history of pulmonary or connective tissue disease, and no known drug allergies. Upon transfer to our institution, her medications were imipenem, linezolid, amikacin, prevacid, lopressor, albuterol and atrovent via nebulizer, subcutaneous heparin, and insulin on a sliding scale.
Physical examination revealed an obese Hispanic female in moderate respiratory distress. She was febrile (39.6-C) with a heart rate of 106 beats/min and blood pressure of 127/85 mm Hg. She was tachypneic with a respiratory rate of 20 breaths/min and an oxygen saturation of 96% on a 40% face mask. Her cardiopulmonary exam was notable for a grade II/VI systolic murmur and scattered coarse rales throughout both lung fields. Her abdomen was obese but benign, her extremities were without edema and had strong pulses, her skin was without rashes, and her joints exhibited full range of motion without warmth, synovitis, or effusion. Her neurologic exam was unremark-able and formal ophthalmological evaluation did not reveal any eye disease.
Initial laboratory evaluation was notable for a white blood cell count of 19.1 Â 10 9 /L, with 81% neutrophils and 12.6% lymphocytes. Hemoglobin was 8.2 g/dL and platelet count was 463 Â 10 9 /L. Metabolic profile was remarkable for normal renal and hepatic function, lactate dehydrogenase (LDH) of 298 U/L (normal 80-225 U/L), and albumin of 2.7 g/dL. Prothrombin time was elevated at 14.4 s (international normalized ratio of 1.44) and partial thromboplastin time was normal. Urinalysis showed trace protein, small leukocyte esterase, and no cells, and an arterial blood gas on room air demonstrated a pH of 7.46, Pa CO2 of 46 mm Hg and Pa O2 of 69 mm Hg.
Multiple serial blood cultures were without growth. A repeat PPD was negative and sputum for acid-fast bacteria was negative on three occasions by polymerase chain reaction and culture. All fungal and pneumocystis studies were negative, as was a Legionella urinary antigen. Serologic and genomic studies for influenza, herpesvirus, cytomegalovirus and adenovirus were negative as were tests for Bartonella, Tularia and Coxiella.
Additional testing revealed a sedimentation rate of 57 mm/h (normal <27 mm/h) and C-reactive protein of 26.5 mg/dL (normal 0.30-0.80 mg/dL). Antinuclear antibody titer was 1:40 with a speckled pattern, and antidoublestranded DNA and extractable nuclear antigen antibodies were not detected. Complement levels C3 and C4 were elevated at 282 mg/dL (normal 85-193 mg/dL) and 52.3 mg/ dL (normal 12-36 mg/dL), respectively. Rheumatoid factor (RF) was elevated at 309 IU/mL (normal <20 IU/mL). Cryoglobulins, antineutrophil cytoplasmic antibodies, and glomerular basement membrane antibodies were negative. Angiotension converting enzyme level was normal. Staclot lupus anticoagulant assay was positive, but dilute Russell Viper Venom time and anticardiolipin antibodies were negative.
Echocardiography revealed an ejection fraction of 65%, a thickened pericardium, and a small pericardial effusion. Pulmonary function testing revealed severe restrictive disease (forced vital capacity 23% of predicted, forced expiratory volume in one second 27% of predicted) and hypoxia (room air oxygen saturation of 72%). Multiple imaging studies were obtained and the patient underwent a video-assisted thoracoscopy with lung biopsy.
Radiological findings
This patient underwent several thoracic imaging studies over her prolonged hospitalization. Her initial chest CT scan upon transfer to our institution demonstrated patchy consolidation involving all lobes of the lung in a largely peribronchial distribution, most prominent at the lung bases, and some ground glass opacification. There were small bilateral pleural effusions, and no thoracic lymphadenopathy (Fig. 1a) . Given her clinical situation and in the absence of documented infection, this radiographic presentation was suggestive of a cryptogenic organizing pneumonia.
A chest CT scan obtained approximately 1 month into her admission demonstrated a more focal process radiating out from the hila, but there was still a predominantly consolidative process in both lungs at multiple sites. Given the clinical absence of an infectious etiology, this picture could suggest a nonspecific interstitial pneumonitis. However, a specific diagnosis could not be made based on radiographic findings.
Pathological findings
Review of this patient's open lung biopsy revealed morphologic diagnoses of acute and organizing granulomatous pneumonia and acute fibrinous pleuritis.
Histologic examination demonstrated consolidated pulmonary parenchyma littered with round to irregularly shaped nodules (Fig. 2) . Small airways and airspaces were filled with fibrin and inflammatory cells including neutrophils, lymphocytes, and plasma cells. Fibromyxoid connective tissue plugs also filled airspaces. At higher magnification, the nodules represented peribronchiolar and alveolar septal compact granulomas, seen as collections of epithelioid histiocytes admixed with benign lymphocytes. These granulomas exhibited varying degrees of central necrosis ranging from scattered neutrophils and eosinophils to obvious coagulative necrosis with cellular debris. Overlying visceral pleura featured fibrinous exudates and reactive mesothelial cells. No vasculitis, including capillaritis, was seen. There was no viral cytopathic effect, and special stains for fungi and acid-fast organisms were negative.
Granulomatous diseases of the lung represent the morphologic expression of many systemic and pulmonary pathologic processes (Table 1) . A granuloma is a discrete avascular collection of epithelioid histiocytes, and the presence of only one or two epithelioid histiocytes is required for a diagnosis. The most common causes of pulmonary granulomatous lung disease include infections, immunologic processes including hypersensitivity pneumonitis, and drug effect. Sarcoidosis is by far the most common systemic disorder producing granulomatous disease in the lungs. Connective tissue disorders and vasculitis syndromes are rare in the general population, but pulmonary granulomatous manifestations are seen in a large Table 3. proportion of such individuals. The pathogenesis of granuloma formation differs for different disease entities.
The surgical pathologist's approach to lung biopsies with granulomatous disease requires evaluation of the distribution of granulomas, the type of granulomas, and other findings in the lung tissue. An appreciation of granuloma distribution is of great help in narrowing the differential diagnosis (Fig. 3) .
Although an infectious etiology should be considered in all cases of granulomatous pneumonitis, suspicion of infection is greater for necrotizing lesions. Even when confronted with the classic histomorphology of Wegener's granulomatosis, this diagnosis can only be suggested after a thorough exclusion of an infection. Albeit rare, rheumatoid nodules manifest as necrotizing granulomas in the lung. However, these rare lesions feature a Bpicket fenceô r linear arrange of epithelioid histiocytes, but few multinucleated giant cells. Other qualitative differences may suggest particular diagnoses (Fig. 4) . For example, compact tightly formed granulomas suggest sarcoidosis, whereas irregular collections of histiocytes raise the possibility of hypersensitivity pneumonitis.
Surrounding lung pathology or significant lack thereof also guides the pathologist toward a diagnosis. Small nonnecrotizing granulomas in the presence of a malignant lymphoma are considered an immune response to the tumor, eosinophils may suggest drug effect, and a fibrinous pneumonia and/or pleuritis, as in the current case, suggest an infectious or systemic etiology.
The morphologic findings in this patient's biopsy narrowed the working differential diagnosis ( Table 2) . Evidence of a pneumoconiosis, hypersensitivity pneumonitis, or drug effect was not seen, given the presence of necrotizing granulomas in this specimen. Drugs that may promote granulomatous disease-such as methotrexate, etanercept, and various medications used in the treatment of inflammatory bowel disease-would also characteristically produce only nonnecrotizing granulomas. Malignancy was not seen, and sarcoidosis was excluded given the localization of granulomas to the interstitium and air spaces. Although necrotizing granulomas may be seen This histopathology essentially narrowed the differential diagnosis to infection or rheumatologic disease. Infectious etiologies for granulomatous pneumonitis include mycobacteria, fungi, protozoa including pneumocystis, bacteria, viruses, and parasites, as well as atypical bacterial infections with organisms such as Actinomyces, Nocardia, and Tularia. Viral infections, such as herpes simplex and cytomegalovirus, and parasites including Toxoplasma can also cause granulomatous pneumonitis in the immunocompromised host. However, an extensive clinical infectious workup, as well as several tissue blocks analyzed for microorganisms, did not reveal anything definite in this patient.
Granulomatous lung disease is a well-recognized feature of connective tissue disorders, such as rheumatoid arthritis, systemic lupus erythematosus, mixed connective tissue disease, and inflammatory bowel disease (Table 3 ). An underlying connective tissue disorder in this patient could not be excluded on the basis of the lung pathology alone. Chronic granulomatous disease and common variable immunodeficiency, as underlying disease states predisposing to chronic granulomatous pneumonitis, could not be excluded by histomorphology alone.
In summary, this patient had an acute and organizing fibrinous pneumonia with necrotizing and nonnecrotizing granulomas, probably as a result of infection or perhaps a connective tissue disorder.
Further hospital course and discussion
The patient remained hospitalized for approximately 2 months. After infection was convincingly excluded, she began treatment with oral prednisone at 40 mg twice daily. In this setting, she showed progressive clinical improvement, with a notable decrease in her oxygen requirement and increase in activity tolerance. She went from being predominantly bedbound to ambulatory in the hallway with oxygen by nasal canula. A chest CT scan obtained 10 days following treatment with steroids demonstrated significant improvement in the diffuse bilateral patchy peribronchial consolidations and ground glass opacities, with some residual subpleural consolidation (Fig. 1b) . The patient was discharged to a rehabilitation facility, but was subsequently lost to follow-up. She was variably compliant with medications, and was readmitted to our hospital 2 months later in respiratory failure. Upon readmission, all blood cultures were again negative. Repeat chest CT scan revealed worsening bilateral patchy consolidation, most confluent in the right lower lobe. A repeat bronchoscopy demonstrated a normal tracheobronchial tree and cytology consistent with acute and chronic inflammation with atypical glandular cells. Stains for acid-fast bacteria, fungi, and pneumocystis were negative. A transbronchial biopsy demonstrated chronic inflammation in the absence of granulomatous inflammation, with all stains negative for organisms. Rheumatoid factor was 96 IU/mL and anticyclic citrullinated peptide antibodies were absent. Antinuclear antibody titer remained at 1:40 in a speckled pattern.
Given a history of recurrent upper respiratory infections since childhood, a workup for immune deficiency syndromes that may produce granulomatous disease was pursued. Common variable immunodeficiency is a primary antibody deficiency syndrome characterized by low serum immunoglobulin levels and an inability to produce specific antibodies [1] . To the contrary, this patient had elevated total IgA, IgE, IgG, and IgG subtype levels, and IgM levels within the normal range. Complement deficiency was not evident, as all complement components and a CH50 were elevated. Furthermore, there was no evidence for chronic granulomatous disease, which comprises a family of genetic disorders characterized by various defects in the ability of phagocytes to generate reactive oxygen intermediates, leading to frequent severe infections [2] . A nitroblue tetrazolium assay, which assesses the ability of neutrophils to reduce nitroblue tetrazolium to formazan in the setting of a respiratory burst, was normal in this patient.
The patient's clinical diagnosis at this point was that of a noninfectious granulomatous lung disease, possibly secondary to an underlying connective tissue disorder. In this context, her elevated RF was of interest. In addition to rheumatoid arthritis, there are numerous infectious and noninfectious disorders, including pulmonary processes, which can associate with an elevated RF [3] . In some patients, lung disease may be the initial presentation of a subsequent connective tissue disorder. For instance, in patients with rheumatoid arthritis and interstitial lung disease, pulmonary involvement may precede systemic disease in up to 20% of patients [4] .
The patient was treated with intravenous methylprednisolone (32 mg twice daily) and broad-spectrum antibiotics, with marginal clinical improvement. She had a mixed radiographic response, with decreased ground glass opacities in the right lung, but an interval increase in ground glass opacification of the left apex.
Infliximab was ultimately added as a steroid-sparing agent, given its usefulness in the treatment of rheumatoid arthritis and granulomatous diseases such as Crohn's disease and sarcoidosis [5] [6] [7] [8] [9] [10] [11] [12] . The patient was treated with two doses of infliximab at 5 mg/kg over 2 weeks. She experienced an impressive improvement following her first dose, with an increased exercise tolerance and decreased oxygen requirement. By the time of her discharge 1 month later, the patient had an oxygen saturation of 99% on 3 L of oxygen by nasal canula and was able to ambulate short distances without supplemental oxygen. She was discharged on oral prednisone (60 mg daily). Repeat laboratory studies revealed a RF of 36.7 IU/mL, absent anti-cyclic citrullinated peptide antibodies, antinuclear antibodies, antidouble stranded DNA antibodies, extractable nuclear antigen antibodies, anticardiolipin antibodies, and a negative lupus anticoagulant. Complement C3 and C4 levels were within normal range. She received a third dose of infliximab as an outpatient, but was subsequently lost to both pulmonary and rheumatologic follow-up.
The use of tumor necrosis factor (TNF) inhibitors to treat noninfectious granulomatous disease is a rational choice from a scientific perspective. TNF has been shown to play a critical role in granuloma formation in experimental models using TNF-deficient mice and neutralizing anti-TNF antibodies [13] . In sarcoidosis, TNF is released from alveolar macrophages and is important for the induction and maintenance of granulomas [5, 13] . The successful use of infliximab in refractory sarcoidosis was reported by two groups in 2001 [7, 12] , and infliximab has since been used successfully in the treatment of various manifestations of sarcoidosis, including pulmonary disease [6, 8, 10, 11] . Infliximab was also effective in improving hepatic and pulmonary lesions in a case of metastatic Crohn's disease [9] . More recently, treatment with highdose infliximab was associated with the resolution of severe pulmonary and hepatic granulomatous disease in a patient with underlying common variable immunodeficiency [1] . In contrast, etanercept has not demonstrated efficacy in the treatment of various granulomatous diseases. This was originally observed for moderate-to-severe Crohn's disease, in which etanercept was no more effective than placebo in a randomized, double-blind, placebo-controlled trial [14] . In addition, a prospective open-label study of etanercept for the treatment of pulmonary sarcoidosis was terminated early because of excessive treatment failures [15] . Furthermore, in a multicenter, randomized, placebo-controlled trial, etanercept was ineffective in the maintenance of remission in patients with Wegener's granulomatosis [16] . Unlike infliximab, which is a chimeric monoclonal anti-TNF antibody that binds to soluble and membrane-bound TNF, etanercept is a soluble TNF receptor-immunoglobulin fusion construct that binds to soluble TNF and lymphotoxin-a [17] . The mechanistic differences between these two TNF inhibitors may be one explanation for the observed superiority of infliximab in the treatment of granulomatous diseases [5] . Of note, a recent case report describes the successful treatment of refractory pulmonary sarcoidosis with the humanized anti-TNF monoclonal antibody adalimumab [18] .
In conclusion, the differential diagnosis and treatment of noninfectious granulomatous disease of the lung can be extremely broad and challenging. Given our present understanding of granuloma formation and the accumulating clinical experience with specific TNF antagonists, these agents are likely to play an increasingly important role in the management of granulomatous diseases.
